1. In order to estimate the genetic effects of radiation on longevity, the life-span of the offspring from irradiated feameles and from irradiated males were measured . Controls were made at the same time. 2. The lives of the male offspring of these irradiated parents were significantly shorter than those of the controls. 3. The female offspring of treated parents lived as long as those from the control when they were kept together with males, while they lived significantly shorter periods than the controls when kept alone, without males. 4. The male offspring seemed to be more strongly affected by irradiation than the female offspring. 5. These results suggest that mutations which have an effect on longevity may be induced by X-rays, but no linear relationship between dose and effect was found .
The purposes of the present study are (1) to ascertain whether radiation would shorten the life-spans of offspring descended from irradiated parents, (2) to test for the existence of sexual differences with respect to the offspring affected as well as the parent treated, and (3) to see if there could be some differential effect on the longevity of flies depending on whether the two sexes were cultured together or separately.
MATERIALS AND METHODS
To study the problem of effects of radiation on the life-span of male and female off spring from irradiated parents, the Tokyo strain of D. melanogaster was used. Bilewicz (1953) found that in D. me-lanogaster, virgin females lived approximately twice as long as ma ted ones, and that unmated males also lived slightly longer than mated ones. These results seem to suggest that the mating behavior of the flies, especially the females, may bring about shortening of their own life-span. In D. subobscura, Smith (1958) also showed another in teresting fact: that ovariless females and virgin females lived significantly longer than nor mal mated females. This he interpreted as indicating that the shortening of life might be caused by egg-laying; that is, the life-span of females could be increased by reducing the rate of egg-laying by keeping them unmated. Taking account of these results, the present study was planned to consist of two series, Experiment I and Experiment II.
Experiment I consisted of a control and two experimental series with five sets of expo sures (300r, 600r, 900r, 1200r and 1500r) in each. In the control, ten non-treated flies of each sex were mated and allowed to deposit eggs for 24 hours in each culture bottle with 20% yeast medium. Soon after emergence, the offspring were separated into 20 vials (3 cm X 10cm), in each of which 10 females and 10 males were placed together on a common corn meal-agar medium. The flies were transferred to vials with fresh medium every 2 or 3 days, and daily counts were made of the number of dead flies.
In the experimental series, 2-3 day-old males were treated and immediately crossed with 4-5 day-old virgin females, without etherization; or 4-5 day-old virgin females were irradia ted and on the same day mated with 2-3 day-old males, without etherization. Ten pairs of flies per vial were mated in both sets of 300r and 600r as well as in the control, while 15 pairs were used in 900r and 25 pairs in 1200r and 1500r.
Experiment II consisted of another control and two experimental series with three sets (900r, 1500r and 3000r) in each. The experimental procedures were almost the same as those of Experiment I, but the males and females to be examined for longevity were kept separate; that is, twenty males and twenty females were placed separately in viales with the common cornmeal-agar medium.
The temperature was kept at 25°C throughout the experiments.
RESULTS
First, to discover whether radiation could really produce some genetic effects on the survival rate of the offspring, the results of Experiment I were classified into three groups: the control and the two experimental series in which females and males were irradiated. The mean and relative longevities of the offspring in each group are presented in Table 1 .
As shown in the table, the longevity of the male offspring from the irradiated parents is about 7-17% lower than that of the control, although among the female offspring, a rela tive shortening of 4% is seen only in those from irradiated males. On the whole, it there fore seems that the irradiation of parents could somewhat reduce the longevity of their pro geny. Table 2 gives the median, mean and relative longevities for the different dose classes in the four lots. As the table shows, the longevity of the male offspring in every case is inferior to that of the control. For the comparison of the curves obtained, the Kholmogorov-Smirnov test of the max imum difference between two curves seems to be better than the usual method using mean values, according to Howard Levene (cf. Vetukhiv, 1957) . As he pointed out, the median will be a more stable measure of central tendency than the mean, which shifts from side to side around the median depending on the skewness of the distribution. However, if it hap pens that two survival curves have nearly the same median, they may differ considerably at earlier or later times, because of the varying shapes of the curves. Thus he adopted the Kholmogorov-Smirnov test, as an overall test of the difference between the survival curves as a whole, calculating the numerically largest difference (d) between the percentages of sur vivors of the two samples, with initial numbers of flies ni and n2. We have used this method to test our experimental results, comparing the maximum difference, d, with dp, examining whether d is greater than dp at the level of significance, p. The value of dp is given by the following formula:
where, for p = l %, K1=163; and with K,.,=195 for p=0.1%. Table  4 , the longevities of the offspring in the two experimental series are always inferior to those in the control. In oder to investigate the statistical significance of these reductions in the life-span, the Kholmogorov-Smirnov test was used. The results of this test are given in Table 6 . In both female and male offspring from the irradiated parents, significant shortening of life over the control was found; in the two classes, however, irradiated with 900r in the female-female lot and with 3000r in the male-male lot, the flies did not exhibit a significantly inferior lon gevity as compared with the control. Moreover, the shortening of life seemed to be more marked in the male than in the female offspring, as in Experiment I.
As in the previous experiment, no linear relationship between dose and effect was found in Experiment II.
From Experiments I and II, the following conclusions can be drawn:
(1) The longevity of the male offspring from irradiated parents, seems to have been af fected by radiation.
(2) In the female offspring from irradiated parents, no significant shortening of life was found when they lived together with males. On the other hand, the females from the irradiated parents lived a significantly shorter time than those from the non treated parents when they were kept alone.
(3) A sexual difference seems to exist between male and female offspring such that the males are affected more strongly by irradiation than the females.
(4) No linear relationship between dose and effect was found in either experiment.
DISCUSSION
The results of the present study of the genetic effects of radiation on the survival rate of progeny in D. melanogaster might be discussed on the basis of the occurrence of muta tions induced by X-rays. In the report of the United Nations Scientific Committee (1958) Russell has explained, with respect to the cause of the shortening of life, that "the data on the progeny of male mice irradiated by fast neutrons suggest the existence of the kind of effect which would be expected from classical hypomorphic mutations; that is, the occur rence of radiation-induced mutations to a series of weakly dominant alleles which collective ly cause a shortening of the life-span."
In the first place, we must discuss a number of possible mechanisms underlying the phen omenon, that the life-span of male offspring from irradiated parents seemed to be more strikingly shortened than that of the female offspring.
Concerning the males raised from irradiated mothers, it must of course be remembered that the partner of the affected X-chromosome is not X but Y. Among the effected loci of the irradiated X-chromosome, at least three kinds of mutations which act to shorten the life-span are imagined to occur; namely, dominants of different degrees of dominance, and recessives of two types. In one type, the recessive mutant gene conceals its effect in the heterozygous state, while in the other, a heterotic effect which prolongs the life-span may appear, even though both are deleterious when homozygous. When the affected X-chromo some is combined with a wild Y-chromosome, all the mutant loci of the three kinds may act deleteriously; whereas, if the partner be a wild X-chromosome, the effect may manifest itself depending on the frequencies of dominant and heterotic mutation. Accordingly, if the frequen cy of dominant induced by X-rays was lower than that of recessives, the deleterious effect of ra diation might be manifested in the males rather than in the females. Muller (1941) reported that mutations induced by radiations are almost all deleterious, although the ratio of dominants to recessives was rather low.
As for the irradiated fathers, they will transmit the affected X-chromosome to the female offspring, which may or may not present a difference from the control, like those from the irradiated mothers. On the other hand, a shortening of the life-span can hardly be sup posed to occur, in the male offspring which receive the affected Y-chromosome from the ir radiated fathers, unless some of the deleteriou changes observed are ascribable to the Y-chromosome. However, such shortening was observed in the present experiments with the highest dose of irradiation.
Therefore, the Y-chromosome may be imagined to carry some genetic components related to life-span, and these components can be altered in the nega tive direction as the result of the irradiation. Such an assumption is not unreasonable, in view of the fact that Stern (1929) has found that a portion responsible for fertility should ex ist on the Y-chromosome. Moreover, evidence pointing in this direction was reported by Smith (1959) . According to him, correlations between parent and offspring in case the sex was alike (father-son, mother-daughter) were higher than those when the sexes were different (father-daughter, mother-son); that is, the mean values were 0.241 and 0.078 respectively. He suggested that genes with sex-limited effect were important in determning the differences between families. Therefore, it seems to be suggested that genes which affect longevity could be distributed on the Y-chromosome. Needless to say, the possibility of a dominant autosomal effect which may act more strongly in the males than in the females cannot be excluded.
Besides these possibilities, various conditions must be considered: for example, differ ential mutation rates in the germ cells of female and male parents, including different sensi tivities to radiation, sexual differences in the manifestation of the affected genes, cytoplasmic differences mainly delivered through the eggs, and so on.
Next, it should be noted that the results with longevity of the female offspring from irradiated parents have been significantly different between the two experiments.
In advance of the discussion on the cause of this difference, it is necessary to set the control in Experi ment I against that in Experiment II. In the later control, the life-span of the female off spring was 1.7 times that in the former. Although the experiments in the two controls were made with the same strain and the same experimental procedure, they were carried out at different times, which even alone may have caused somewhat different results, owing to un controlable variations in the food or in othee environmental components, but the prolonga tion of life in the females cannot be understood only on the basis of this time difference. There was, however, a difference between Experiments I and II with respect to the hand ling of the progeny which were to be examined for longevity.
In Experiment I, the offspring of both sexes were kept together throughout their lifetime, mating and laying eggs at will. On the other hand, the offspring of each sex were reared sepa rately through life in Experiment II; consequently, the females were kept unamted. Pre venting egg-laying and all heterosexual activity such as mating might cause the prolongation of the life-span of the female offspring found in Experiment II. The results as stated a bove have confirmed the finding of Smith and Bilewicz, that virgin females lived longer than mated ones. In the next place, the logevity of the female offspring from irradiated parents ought to be discussed. In Experiment I, it can be expected that the heterosexual activity and egg-laying of mated females have been lowered by the effect of some mutations induced by radiation. An experimental result reported by Hiraizumi and Crow (in press) seems to offer positive evidence supporting this assumption.
That is, females heterozygous for a chromosome that manifests lethality when homozygous, could have a lower rate of egg-. laying than the control. It is thus likely that the superior longevity of the females from ir radiated parents is a result of the lowering of their heterosexual activity and egg-laying.
On the other hand, it is also possible that the longevity of the females has been re duced by X-ray-induced mutations having some negative effects. In summary, these factors concerning longevity may act in opposite directions, so that the ones which lower heterosex ual activity or egg-laying may cause a positive effect, the prolongation of life, while the others, the mutations induced by X-rays, may affect it in a negative way. If these factors are com bined, they may act in a complementary fashion, resulting in a balanced condition so that the females from the irradiated parents may be expected to live as long as those from the control parents.
In Experiment II, however, only the effect on longevity of X-ray-induced mutations seems to have been detected, since the females were kept unmated so that the effects of heter osexual activity or rate of egg-laying were obscured. This may be the cause of the incon sistency between the results of Experiments I and II.
No linear relationship could be found between dose and effect. The reason for this is still unknown, although it is a very important point.
For the purpose of determining whether the Y-chromosome may carry some genetic components related to life-span, a new experiment is being done, using a special strain of D. melanogaster.
